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APTHORS: Layner, D.1., Tsypin, M.L

Tlit‘LE: On the first stages of the oxidation of titanium.

L .

SQURCE: Akademiya nauk SSSR. [Institut metallurgil. Issledovaniye splavov
tsvetnykh metallov. no.3. 1962, 116-125.

TEXT: The paper describes an investigation concerned with the initial stages

of the oxidation of Ti in air and in water vapor and demonstrates that the oxidizing A

medium determines not only the kinetics of the oxidation but also characte ristics of

the scale formed, such as the type of the growth texture. Electron-microscopy was

employed largely. A Ti-O phase diagram is plotted from all available literature

data, including the boundary of the ordering of the @ solid solution, more accurate

information on the composition and boundary of the w phase, the region of existence

of a and p TiO, the magnetic transformation in Ti,O5 at 160°C, and a presentation’

of the homologous series of Ti Oz(n-1) oxides. Thé tésts for thin oxide films con-

sisting of rutile showed that the ré?ile film is practically one single crystal thick

{450-550 R upon oxidation in air at 550°C) and that it is formed predominantly by

outward diffusion of Ti ions. This is in agreement with the conclusions of P. Kofstad

et al. (Acta Chem.Scand., no.l2, 1958, 239-280) relative to the kinetics of scale
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On the first stages of the oxidation of titanium. $/806/62/000/003/010/0618

formation at 300-600°, The Kofstad mechanism is briefly summarized and present
electron-microscope evidence is adduced to confirm it. With increasing T and oxi-
dation time the formation of more and more sharply bounded rutile crystals was
observed, the exterior shape of which is consistent with textbook examples of the
habitus of rutile crystals and twins. Disagreement with Kofstad's interpretation of
the experimental facts is based on the following rcasonings: Kofstad assumed that
the determining element in the scale formation is the diffusion of O ions toward the
scale-metal discontinuity surface. He oxidized the Ti after rolling, under the
assumption that the rolling texture of the Ti would be reflected in the texture of the
scale. The appearance of a texture in the scale was then taken to represent a con-
firmation of the assumption. If that were so, then the oriented texture would follow
the texture of the metal best where the scale layer is extremely thin and - in thick
scale — where the scale layer adhered most completely to the metal. Neither of
these phenomena was observed by Kofstad; the exact opposite was observed in the
present investigation (photographs). That rolling texture cannot have much influence
on the texture of the scale is also reasonably concluded from the fact that the oxida-
tion occurs in conditions (BSOOG) in which the Ti specimen is annealed. It is shown
that the scale texture cannot be due to recrystallization of the TiO, and that the only
admissible mechanism for scale formation is its formation on its exterior surface
and consists of a reaction between the Ti ions diffusing outwardly from the interior
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On the first stages of the oxidation of titanium, 5/806/62/000/003/010/018

and the ambient O. Other investigations have not been able to identify any orienta-
tion of the scale texture at all, and this {s attributed to the preliminary grinding
and etching of the Ti-specimen surface which resulted in a disordered microrelief
comparable in height with that of the rutile crystals (1 n ), The rolling-and-

dense (in humps per running mm) than the grind-and-etch method and, hence,
interfered less with any textural tendency of the scale growth. The second set of
experiments, with oxidation accomplished in water vapor, showed not only much
greater intensity of oxidation but also a fundamentally different type of oxidation

that their flat surface becomes relatively large with respect to their inter-crystal
boundaries. Then, once the rutile crystals grow beyond 5 p, a fundamentally novel
Stage occurs, with the rapid growth of thin acicular crystals at separate points of
the surface (photograph). These needles were found to be near-perfect rutile single-
crystals as demonstrated by the existence of Kikuchi lines in the microdiffractional
pictures. With increasing T and time the needles grow in length and thickness and
occupy an increasing portion of the visual field of the electron microscope. They
become firmly attached to the underlying rutile la
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On the first stages of the oxidation of titanium. S/806/62/000/003/010/018

more than imprints of a new scale surface formed by the tops of the mutually
adjacent acicular crystals, which meanwhile have grown individually beyond the
visual field of the electron microscope { > 10 i), so that only portions of these
crystals with distinctly formed edges are visible., Thus it is confirmed that in
oxidation in water vapor, too, the determining element in the formation of Tj scale
is the outward diffusion of Ti ions from the interior or parent mass of the metal
toward the discontinuity surface, Water-vapor experiments lasting more than an
hour at 850°C revealed: (1) An outer grey layer, (2)a discontinnity between the
grey layer and a dark layer adhering to it, or {3) a discontinuity between the dark
layer and a bright surface with a metallic sheen, All of thesge surfaces were in-
vestigated by the electronographic method (one and one-half pages of tabulated data).
The two rutile sublayers can also be clearly identified in polarized light, with the
lamellar and the acicular crystals well in evidence. The findings are summarized
in a set of 4 cross-sectional sketches illustrating the various scale-formation
layers ranging from air at 300°C through water vapor at 850°C. There are 7
figures, 3 tables, and 19 references (8 Russian-language, of which 7 are Soviet and
1 appears to be a translation from the English, and 11 Engliah-language).

<
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Some problems of the formation ‘e E111/E435

growth texture as the cause (for oxidation in air, steam and
xXygen); this has not been confirmed by the present authors,
Examination of scale obtained under various conditions suggests
that the formation of a new layer of scale depends essentially on
surface and not volume diffusion, Published views on these
questions are contradictory. The above results relate to
relatively thick scale layers, Next, oxide layers, only some
itu-.res of angstroms thick, are considered. Microdiffraction
invzstigation (with an electron microscope) has shown that within
the boundaries of a grain of the original metal the oxide is
nrecisely orientated, but as this orientation varies from grain to
Lrain the macroscopic orientation of the oxide crystals is random:
thus, Failure to detect texture by ordinary X-ray and electron
diffraction studies of thin films does not indicate. absence of
connection between oxide orientation and base structure, As Bcale
thickens, orientation differences between adjacent colonies of
°rystals rather than between oxide crystals affect the

orientation within the boundaries of a micro-grain of the original
netal, In the case of growth of ncedle-lika rutile crystals,
Card 2/3
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Scale structure should always be studied by several methods,

The authors state that their ideas and results are applicable to
metals in general. There are 7 figures.

ASSOCIATION: Institut "Giprotsvetmetobrabotka®

SUBMITTED: September 4, 1961 ' .
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Kinetics of oxidation and the structure of scale on titanium,
Fiz, met. 1 metalloved. 16 no.2:225-231 Ag '63. (MIRA 16:8)

1. Gosudarstvennyy nauchno-issledovatel'skiy 1 proyektnyy institut
obrabotki tsvetnykh metallov,
(Titanium—Metallography) (Oxidation)
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AUTHORS ¢ Layner, D, I, and Isypin, M, I,
TITLE: " Some structural features of scale formation on titanium
SOURCE ¢ Moscow. Gosudarstvennyy nauchno-isgiedovatel®skiy i prc-

yektnyy institut obrabotki tsvetnykh metallcv, 3Sbornik
nauchnykh trudov. no. 20, 1961. Metallovedeniye i cbra-
botka tsvetnakh metallov i splavov, 28-41

TEXT: The structural characteristics of the scale are the basis

on which one’s notions on the diffusion mechanism in the oxidaticn
process are formed. Parting from this point of view, investigations
were carried out by the same authors on the oxidation of titanium
(Ref. 1: Sb. nauchnykh trudov instituta "Giprotsvetmetcbrabotka®™,
no. 20, Metallurgizdat, 1961, this collection, pp. 42-64). The pre-
sent article is connected with the methods of determining the
scale~formation features, The methods of calculating the interpia-
nar distances of titanium dioxide was based on Ormontis work {(R=f.
6: Struktury neorganicheskikh veshchestv (Structures of Inorganic
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Some structural features .., D205/D302

Substances), Gostekhteoretizdat, 1950) and of the intensivities -r
V. K. Vainshteyn's book (Ref. 7: Strukturnava elektronografiya
(Structural Electronography), AS USSR, 1956). The preferential cr:.
entation of the rutile lattice during various regimes of cxida*tion
is discussed in relation teo the electronographic images. It is ar-
gued that structure of the titanium dioxide scale explains the dif-
fusion mechanism., Some of the conclusions pertaining to ithis ar-
ticle are given in Ref. 1 (Op. cit.) which is the fcllowing paper
in this collection. There are 16 figures, 3 tables and 10 referen-
ces: 7 Soviet-bloc and 3 non-Soviet-bloc,

Card 2/2 b(
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' D205/D302
/51295
AUTHORSR 2 Layner; D, I. and Isypin, M. I.

TITLE: Investigating the structure of titanium scale during
its formation

SOURCE: Moscow. Gosudarstvenny nauchno-issledovatel®skiy i prec-
yektnyy institut obrabotki tsvetnykh metallev. Sbornik
nauchnykh trudov. no. 20, 1961, Metallovedeniye i cbra-
botka tsvetnykh metallov i splavov, 42-64

TEXT: The oxidation of titanium is of prastical and theoretical
interest. On the practical side, it is connected with the problem

of corrosion resistance and with some technological properties,

for example. antifrictional, of oxide layers., On the theoretical

Side, many problems still remain unsolved., One of these is the re..
lative roles of the titanium and oxygen ions in the diffusional
process, the other is the cubic relationship of the rate of oxida-
tion between 300 and 600CC. The oxidized films were separated from
the metal by the use of the etching mixture: 35 ml ECL, 0.1 - 1.0 \x
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g NaF, 65 ml ﬁ;oo After separation, the floating oxide films were

removed with a glass spatula, washed twice in distilled water.
dried and placed in the electronograph., Good electronocgrams were
obtained which showed that only one phase, that of TiO2, wag pre-

sent. ‘Thickness of the film was determined from the electironograms
and plotted vs. time of oxidation for various oxidation tempera-
tures in the 350 ~ 750°C range., Films obtained at higher tempera-
tures were examined by X-rays and microscopically, owing to their
thicknese which made them unsuitable for electronographic investi-
gation. In addition; samples of sheet titanium were oxidized in
steam at 450, 650 and 850°C. The oxidation of Ti in the 300 - £00%2
range followed the cubic relationship and generally confirmed *the
mechanism propssed bty Cofstad et al., (Ref., ': Acta Chem. Scand., 12,
239, 1958), based on the diffusion of oxygen inte the metal frog
the oxide. Above 600°C a prevailing orientation begins tc appear cn
the external surface of the oxide, pointing tc this surface asz the
locus of the oxide layer formation. Simultaneously the parabclic
cxidation becomes prevalent and the diffusion of Ti ions through J(

Card 2/ 3
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the film becomes the determining factor. This process begins afrer
the scale thickness has reached the value of 5000 §, The preva-
lent orientation of the oxide consists in the /3017 planss of ry-
tile being parallel to the Specimen plane, The configuration of
ions in these planes permitted the accommodation of puired oxygsn
lons which greatly facilitated the chemisorption of O2 molecules,

During oxidation by water vapor the general picture remained un-
changed. but the atomic state of the present oxygen induced s 417.
ferent texture of the titanium oxide layer, in which the /G017
planes of the rutilzlattice were parallel to the plane of the gpe-
cimen. Lowering the free energy changes in this reaction gave rise
to the formation of lower oxides in the deeper layers of the Scale,
closer to the metallic phase., There are 19 figures, 7 tables angd

9 referencess 2 Soviet-bloe and 7 non-Soviet-bloc. The 4 most re-
cent references to the English-language publications read as fel.
lows: P, Cofstad, K., Hauffe and H. Kjollestal, Acta Chem, Scand,
12, 239, (1958); A, E. Jenkins, J. Inst. Met, 82, 213, (1953-54);
M. H. Davis and C. E. Birchena119 do of Metals, 3, 877, (1951);

T. Hurlen, Acta Chemn. Scand.; 1!3; 365, (1959), '
Card 3/3
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TRANSLATI0M ~ EO73/E535

AUTHORS : Layner, D, I, and Tsypin, M. I. (Moscow) ;

TITLE: On the Oxidation Of Titanium in the Temperature Range f
300 to 600°C \? 7,7

PERIODICAL: Izvestiya Akademii nauk SSSR, Otdeleniye tekhnicheskikh
nauk, Metallurgiya i toplivo, 1961, Neo.l, pp.146-147

i

TEXT: ' Usually the '"weight increment-time" relationsl of :
oxided metallic specimens as = function of temperature are straight
lines, parabolas or logarithmic curves. Existing oxidation theories

by Wagner, Dankov, Mott and others propose oxidation mechanisms that
lead to these relations. However, P. Cofstad, K. Hauffe and j

H. Kjdllesdal (Ref.l) have é¢stablished that in oxidation of titanium )
in the temperature range 300 to 600°C the dependence of the weight i\/-,
increase on time is represented by a cubic parabola, a feature :
which has not been observed in the oxidation of other metals., —
Titanium can absorb up to 30 at.% of oxygen which dissolves in the |
metal and Cofstad et al. proposed a mechanism of oxidation which

. explains tne experimentally determined time dependence of the :
: weight increase by diffusion of oxygen in metallic titanium through:

. Card 1/6___
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. an oxide film of constant thickness. Detection of the existence
P " of such films would be a decisive factor in judging whether this
! mechanism does really take place. .For this purpose the authors

" used a very simple and sufficiently accurate method of determining

" the thickness of oxide films from their interférence colours. [ —
Spectrum analysis of arc smelted titanium sheet specimens showed
the presence of about 0.04% Si and other metallic admixtures in
quantities below 0.01% each (a total of 12 elements were determined).

- After vacuum annealing (10~* mm Hg) for 30 mins at 800°C the :
specimens were cleaned with alcohol and oxided in air, The corre-
spondence of the well known coloration of oxide films on the

3 ¢ titanium for the temperature range 350 to 700°C withinterference
phenomena is confirmed by the table, which indicates 'the
sequence of alternating the colours of the Newton ring and the
colours of the wedge-shaped layer of oxides at the surface of the
~ titanium strip, one end of which was in air, whilst the second end
. .. was in a furnace at 800°C. The film thickness 6 is determined by
B i . means of the expression

ety
v
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On the Oxidation of Titanium ... E0?73/E535 4 o

where k = 1,2,3... is the order of reflection, A is the wave-
length of the particular colour which is complementary to the !
colour of the film, n - refractory index of the film. In this X
e eﬁuation the error in the visual determination of A is about ;
2o l.5 to 2% (10 to 15 u at wavelengths of 400 to 700 u). The main
Y1 error is introduced in the averaging of the refraction coefficient
‘for optically uniaxial crystals of TiOp-rutile, of which the oxide
layers are formed (see eéarlier work of the authors, Refs.3 and 4),
as well as by not taking into consideration dispersion, The
average value nay = 2,8 if the maximum scatter is 2.6 to 3.
Thus, the total random error in the thickness of the film can be
evaluated at 10%, Furthermore, a systematic error is introduced
due to the absence of accurate data on the conditions of i
reflections at the boundary oxide-metal; however, this effect is
of importance only for. the absolute film thicknesses but does not
manifest itself on the characteristic form of the curves "film : V/
thickness~timerr, The calculated values of the film thickness were: .
qualitatively confirmed by the change in the character detected in | __ ~
recent electron diffraction investigations of the authors (Ref.4),
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The obtained film thickness values given in the graphs (top graph
1 a = for the temperature range 350 to 600°C; bottom graph : o
' b = for the range 550 to 700°C; 6, K vs, t,min) show clearly that
if titanium is oxided in the temperature range 350 to 550°C the i
i forming oxide films will reach a practically constant thickness and, V/
i consequently, the results confirm the correctness of the mechanism
. for oxidation of titanium in the intermediate temperature range ST
: (about 300 to 600°C) proposed by Cofstad et al. There are '
. 1 figure, 1 table and 4 references: 3 Soviet (1 a translation from.
English) and 1 non-Soviet. '

v
-

(Note: this is a complete translation)
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- Sequence of Basic Colours of the Wedge-shaped
Oxide Layer on Titanium ‘ ,
{ . Order of reflection Colour of the wedge- Colour of oxides, i
‘ shaped air gap (Newton on titanium in
ring) in transmitted - reflected light
' light ] . ;
Yellow Yellow g
Brown .
Red to
I : Violet Violet
. Dark Blue Dark Blue
Pale Blue e
Green Greenish V/ -
Yellow Yellow. -
Red * Purple’ R
II Violet
Dark Blue Dark Blue ’
Green Green
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Yellow Yellow

Red Purple

Greyish Blue Dark Blue
Groen . Green :
bull-yellow Greyish-yellow
Red ,
Green Dull-violet

4

e Y Ty %7 o i s

{

ToamlHa OXHCROMA naeHXE Ha TRTane, oSpa«
SYwLIeACK B HHTEpBAJNAX TeMueparyp 350—
600° C (a)u 550—700° C {6} )
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1. Giprotsvetmetobrabotka, MHoskva.
P (Titanium—-uetallogapkv) (Matallic £ilms)
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AUTHORS ¢ Layner, D.IX. and/rsypin, M. T, 'Vq

TITLE: The Structure of\'Scale on Titanium

PERIODICAL: Fizika metallov i metallovedeniye, 1960, Vol.1l0, No.k,
pp.543-554 .

TEXT s Previous work had been carried out on relatively impure '

titanium. The present work used titanium containing only

0.045% Si and less than 0.01% remaining impurities. No diffraction

pattern could be detected by electronic diffraction examination of
the surface of the specimens immediately after heating in vacuo,
which proves that an irregular structure is present on the surface,
Titanium hydride formed on the surface after etching in acid media
and it was not possible to obtain a sharp diffraction picture of
metallic titanium even after polishing on abrasive papers. The
titanium sheet immediately after vacuum heating was therefore taken
as the starting material. Oxidation was carried out in a muffle
furnace and the samples were cooled in air, The main methods of
examining the structure of the scale produced were: electron
diffractiop and X-ray analysis, The former shows the structure of
a £ilm 10~% cm thickness and the latter 10-3 cm. Oxidation at

Card 1/ 3
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The Structure of Scale on Titanium

350 to 550°C produced thin films of oxide, reaching a constant
thickness for a given temperature. The film was shown to be
almost completely rutile. At higher temperature thicker films were
produced which were algo examined by metallographic techniques.

At 700 to 850°C (up to three hours) two films were formed. The
outer film was white and relatively thick and consisted of rutile
with not less than 1.97 oxygen atoms to each titanium atom. The
inner film was darker and much thinner. It was also shown to be
based on rutile with a lower oxygen content (probably not less than
1.90). with increased temperature and time of oxidation, the
outer film showed a sharply expressed orientation with the (301)
planes parallel to the surface, Microhardness measurements showed
that the inner film was harder than the white outer film.

Oxidation at high temperature (850°C) by water vapour produced a
film of rutile with the (001) planes parallel to the surface,

It is proposed that oxidation by air takes place by direct
chemisorption of molecules of oxygen and they take their place in
the rutile lattice without preliminary dissociation into atoms.

In the oxidation by water vapour, the orientation of the oxide

card 2/3 -
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The Structure of Scale on Titanium

is determined by the tendency for the densely packed titanium ions

to be placed parallel to their original surface of the metal, and

the adsorption effect plays little part. The positions of the

ions are shown in Fig.1l3 (for the (301) plane) and Fig.1lk (for the

(001) plane), the large circles being the oxygen ions and the small
circles titanium ions. There are 14k figures, 2 tables and

13 references; 6 Soviet and 7 English, JXK

ASSOCIATION: Giprotsvetmetobrabotka g. Moskva
(Giprotsvetmetobrabotka, Moscow)

SUBMITTED February 6, 1960
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electrical resistance of alloys of the

Temperature coefficient of Lore 2
. i1ad, fiz. AN Kazakh, SSR 2:119-123 .
manganin type. Trudy Inst. ia ok 170)

(Copper-manganeze-nickel alloys-~-Electric properties)
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Mothods of studying the structure of oxides formed in ti~
tanium. Zav.lab, 25 no.10:1209 '59. (MIRA 13:1)

1. Institut "Giprotdvetmetobrabotka’.
(Pitanium) (Motallic oxides)
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One method making electron diffraction
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(Electron diffraction examination)
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TITLE:
Oxidation of Titanium¢\
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ABSTRACT: The authors state that in spite

Izvestiya Akademil nauk SSSR,0tdeleniye tekhnicheskikh
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gStructure of the Scale in the First Stages of the

5, pp 131-132 (USSR)

practical importance of the oxidation of titanium, ¥

published work 1is
(Refs 1, 2)
impure titanium in air mainly
periods.
numerous

speclally interesting, the prese
on technical titanium

f£ilm produced

furnace at various temperatures.

or at very low pressures
for relatively long
Since the early stages,
lower oxldes are 1ikely
nt authors studied

1imited to studies in pure oxygen

(Ref 3), or to "

in which some of the

to participate, are

the

sheet oxidized in a ;
The films obtained i

below 800 ©°C were studied by electron diffraction; y !
higher-temperature !
(Table)
and there is a previously
1ime in the diffraction pattern
stages of oxidation;
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£ilms by reflection.
that at 350-450 CC the main component is Tutile
observed (Ref 3) additional

It was found »

characteristic for earlﬁd//

at 500-650 oC a mixture of rutile
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Structure of the Scale in the First Stages of the Oxidation of

Titanium
with a little Ti30g is formed; at 700-750 G the pattern

is almost excluSQVely that of rutile; the outer surface
of layers obtained at 800-900 oC consists of strongly
textured rutile, the inner surface separating easily from
the metal on oxidation for 3 hours gives the normal
gattern of polycrystalline rutile; films obtained at

50-750 ©C have a preferred orientation (the Figure shows
electron diffraction patterns for perpendicular and
sloping incidence of the primary beam).
There are 1 figure, 1 table and 7 references, of which
1 is Soviet, 1 is French, 3 are English and 5 are Lr//

Card
2/2

Scandinavian.

¥ SN

PSS P

APPROVED FOR RELEASE: 08/31/2001 CIA-RDP86-00513R001757320005-1"



"APPROVED FOR RELEASE: 08/31/2001 CIA-RDP86-00513R001757320005-1

AR T TY Y BRI RO R R SO N SR T T T

TSYPIN. M.1 *y in‘hen’rc

e ST

N s

1ysis in metallography.
raphic analy e

Use of structural electronog 10:6)

v t. n°.5362-6“ w '57.

Metalloved, 1 obr., me |
i kg .
lkha abotké tae h wetdallov.
avod po obrabotke teentnykh metallo
- Ba(.leta;‘]‘.:::-ip;y) (Blectron diffraction einmination)

APPROVED FOR RELEASE: 08/31/2001 CIA-RDP86-00513R001757320005-1"



"APPR
OVED FOR RELEASE 08/31/2001 CIA-RDP86 00513R001757320005 1

ISR o Ea i 2

. 00060

i,'".‘ cveo0e0a® R
¢ 4% 0 u B )

.‘I ‘»—Lr JJ».- l_L—LL«I’ [ ] ? .

i 5 R

e I 4 1o, Ko, wy.—%"'r.‘s‘;:’a' i )7
«-NOKCILO11

-

'

ﬁ’ﬁ’l Mu‘ starting with
yquinoline) Is repasted.

Pr -ul" pute h » uumnlh mixt. with
% %:haud and :ﬁ.lanlk scid. Thr pessasica K-
* and “Vagilen'* contain n, ?ulnmol. 0.1

ic scid, and 2 5. hard {at and pm n (the fat mass /

The s-hydmxqu
() Broto-

i

} 0.

i ;

§ l musl mdl in 3-6 min. 8t 38 &37 *). Goud results ate, [
: in creal discase. inolige
i (qmnml) is detd, I the touo-in; manners

i uinosol is dissolved to give
1
!
i
I

COBNON LLAmENTE

metric method Upto0.5g. of g
soln. is dild. with 150 ce.

i 250 cc. soln. Fifty cc. of this
i HySO, (1:8), mct.()l NKI!rO.lsndded. then 075;
: Rlr and 1.5'g. KI. The flask is uumcdmd{l clased and

shaken, After 8 win, the soln. is titrated with 0.1 ¥ Nag-
) Calorimetric met thod: The stundard guinosul

: 80
i soln. fre comparison con ulnsO.)ﬁz/l Not niore than
i O(B(.dthequinmolnmplehdisol w;iv:lﬂﬂcc
i soln, Tzncc.ohhhwln.qd()bcc FeCly solat. ‘i"cé

are putmngmhnu:icy der. A like amt.
soln is inu:eondcyl du.ndthuundudqu

1l the colors match. The color is blue-
green. Ww.

. Moore

1 evigve wom@on

1)0w

BATERALE MOER  wmiw o

o

A l, tL A aETALLURGICAL LITERatual CLASSIFICATION

LY.
3 1T v L

TA0ED wiv ONY U8

APPR :
OVED FOR RELEASE: 08/31/2001  CIA-RDP86-00513R001757320005-1"



1131 ©IGIY TEITTIN Jo vy
B o 1-L0EUy 1u3omg ora Putung wioensy
BRI G BIRITISUL BN S0 g, ~x..q.vnzum..c£. ..—mn md.nmhuu:"
1441 4§ Tonet SRIC ARUrs
. Z-% S 46 Jo 7iciul ul susmcuayy woTIEnd
S0 ERIGTA NS TUUURELIL TYTY vum ‘uydhel cI'N Aty .BAE._N
ot sLoTy
9P JUTT JO AITIINAIG UL CVAGIUUYRS ‘LN tuw ‘ryey ‘acywluwaig

] 224 o lnmﬁnuts 913114, o COI13TINIINON 8u3 DO WY ‘Acyelusasg
ejen enoliaFRY
puw vLoTTY 30 FRITIOY 10 oW3 FulIng crnessly 33Joedy weew Jo
oo TawaTRI e 3q SISIDITH T =X pow TOIEQ CA°A VY ‘ aoxwhmeniy
‘GI«U.-F.
*fe270> TR BOI350TY FULIREAL] JO YOmeN w0 ‘IR ‘SHESL\

61T emeysey ATeoT30eTL
30 10212133800 AMjRIEm] -ﬂ.ﬁlﬁ pow 5y ‘acmiaon

se7itsdolrg THOTUSTOAN DA ¥8STUIONY OE O3 WO !a!‘;clr’clc.
COSTTIE ‘GOST JO SOTIMLIUT SRL SRAOMNCLING “3°X P °IX “acyyack

»vag [PTbIT-Taeg] VIIOg-pDTI o3 W

CIA-RDP86-00513R001757320005-1
3

ag-TY Jo sepizedolg TEOTUWIISK TRATALTING °3°Y P
aLoTTY ¥T WOTITeod) ewwlt
Pow AT InIIE0IOTN 01 LITITINNG IO ATEORNIN MG V'Y ¢ acxulmsety e
- .Ein.ll||.|.. i -
PFIOE 30 QPR U " 203 v
svamal Aﬁﬁﬁ!ﬂulbk}uuilgu-aﬂ-bult bt J
? mqeks THED

veguolaﬁ-nﬁheﬂug%“ <
PEw aImymmIIg Teeadi) sMpg TTAOY el v TV acreluserk

aloTIY
aeag GFL SwWog IO VOTIVITISMATT “maTpeg 5T vee ¥y ‘acyelusexy

FuTpeoy oTeenia wLoTTY TONTE Yo TR
redion ewog O DPTIIL “X°0 yew *owy ‘acxelfmsaiy

sern0Iq qI-ri-ug Pae z.ho".-a <
igngnlﬁagi TeRTE ‘ouTs
of Tia g 30 nSus poe MHpraend ¥ a2

-Eua.%,-ﬂuui e 4

23 9% £ ® 585 ®|g §

o SOATATFEY TeXOTR T peer suonteons Youiy Tt sl 38 o E,
ser3redarg TeITUNGOeN o3 JO Lpnag VAOXDOE A’V puv vy ‘acmivealy |||

, Poe “A0u T PIQIIEEP ar PTUA ‘RPReedising pum -
e SITIMINE W wwapr TEOTINIOIT +#ROTTY 200 POV “TINTTE ‘30000 TNITIRLY -

seTvIem JO $9330 pos DmTnes wi eIy
DU SATVNIE OSTE PUR ‘STRTOTINDRS ‘s10eaTiO 1 B
S EIETIVSTON YSIvess: 0] PePUAIT] SLTOTAIY JO UOTIDETIOO ¥ §T OTRL IZUODIN
casfeqEIel *F *UZ PUS ‘Acyelusesg vy ‘TIUTIVY X°8
(opg *@seu) A0ATWY *X*Q ACTIVRL, WG “0'I ‘waogneg ~I-] ‘vemip
*p'3 ipIwOU TRISOARE  (WOISITY C4°d I'UR WS IATRTER0 91 R IPE

~poyutad w00 000°T *€ 69T "6S6T ‘UES LUXviXersy XV aa-y3Y ‘e3y-wuty
(2 104 */sTwIoN 30 STadTg pUW sametof TeoTRmITRINN J03 Lxvgwsogwy/

sasBetdg SO Lwmpedy “E°UTE WUIWN ‘0780Qy IWF(INg O MINITINA] W JO

smoTasesmay) z ™3 “/ASTIVIRM WIS 3 whiuvpesoyiwise sdiroreee)/Long,

A3 £ “wpg 2 Xmen
@e/lon  SOLTWSUL X000 X IEYE o

s g e

"APPROVED FOR RELEASE: 08/31/2001

¢
i

CIA-RDP86-00513R001757320005-1"

APPROVED FOR RELEASE: 08/31/2001



"APPROVED FOR RELEASE: 08/31/2001

CIA-RDP86-00513R001757320005-1

P ,
BT, IR A A S e T e

AT

18(7) 05732
AUTHORS: Layner, D.1. Tgypin, M.I. SOV/}2-25-10-21/65
TITLE: Methods of Investigating the Structure of Oxides Forming on

Titanium
PERIODICAL: Zavodskaya 1aboratoriya, 1959, Vol 25, Nr 10, P 1209 (USSR)

ABSTRACT: Two mordants dissolving titanium but not titanium oxides were
used for detaching thin btitanium oxide layers for electron-
ographic investigations. The mordants have the following
composition: (1) 350md Hcl (conc.), 1 - 10gdNaF, 650 mduater,
and (2) 10 ml of HF (conc.), 30 m &0, (conc. ), 30 g dPb(10,) 5 s

950 ml wateT. As the structure of the oxide £i1m corroded was
equal for both mordants, only the first reagent was used.
Titanium samples (1% 10x25 mm) were oxidized for 10 minutes
at different temperatures, and the resulting oxide film was
corroded for 24 hours. The slectronograms obtained (Fig 1)
showed that on oxidation at 550° TiO (rutile) is formed; oxide
films giving an incomplete Qiffractidn picture are obtained at
3509, while thick oxide films are formed at 7509, the
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Methods of Investigating the Structure of Oxides SOV/'32-25-10-21/65
Forming on Titanium

clectronograms of which have an intense background. The oxide
films detached can be used as replicas for electron-microscopic

investigations (Fig 2). There are 2 figures and 1 reference,

ASSOCIATIOR: Institut "Giprotevetmetobrabotka™ ("Giprotsvetmetobrabotka®
Institute)
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LATNER, D,I.; TSYPIN, M,I.; SLESAREVA, Ye N.; BAY, A.S.

Mechaniem of the electric conductivity of rutile (TiCp)
and the applicability of the Vagner-Khauffe theory ic the
oxidation processes of titanium and its alloys, Trudy ‘
Giprotevetmetotrabotka no.24:86-92 165, (MIRA 18:11)
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AUTHOR: Layner, D. I.; Bay, A. S.; Slesareva, Ye.JH.; Teypin, H. I. é’%
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ORG: Giprotsvetmetqbrabotka.

0w B

_»'1‘1']_:1.3:‘ ,cét"taiq‘féafi:_'ur‘;es of the process of the oxidation of titanium '

SOURCE: Fizika metallov i metallovedeniye, v. 20, no. 6, 1965, 864-867

_TOPIC tAGS: citaniuﬁ.-metal oxidation, metal scaling, activation energy, cation / : 3'~:
‘VTi-1 titanium , , , v { .
Rt v |b .

ABSTRACT: Some quantitative features of the process of che\ oxidation of VIl-1 .
titanium at temperatures above 800°C in an air and water-vapor atmosphere at atmos= .
pheric pressure are presented, The published literature specifies the rate constants

and activation energy for these regimes only for the case of the oxidation of Ti in é
0, and moreover it has been shown that during the oxidation in air of powdered-metally -
specimens containing 96% Ti the activation energy at temperatures above 800°C differs’
from the activation energy of oxidation in 0,. As for the process of the oxidation of

T{ in water vapors at atmospheric pressure, even less is known about it. Accordingly, ™ 5
~ the authors performed a metallographic study of the oxidation of Ti in air with the s
object of determining the activation energies of the total absorption of oxygen,
scaling, and absorption of oxygen by the metal base, 85 a function of the temperature

Card 1/3 - UDC: 539.21
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Fig. 1. Temperature dependencerf prabolic rate constant and linear rate \
constant K, of scale growth, as well as of the coe ficient D of the —
diffusion of Ti jons in scale, for oxidation of Ti in water vapoxrs ‘.
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dependence of the parabolic rate constants of scale growth which showed that the
activation energies Q and Q, are virtuslly identical (about 67 keal/mole-deg) whereas
the activation enexgy Q, of the rate congtant of oxygen absorption by the metal base 1
i ~14 keal/mole-deg. The concomitant study of the oxidation of Ti in water vapors
showed that in this case the diffuaion of ions of the metal theough the scale plays a
major role and may be described by the relation K /D = 2, where is the parabolic
scale-growth rate constant and D i8 the diffusiLonpcoefficient of metal fons. The acti~
vation energies calculated on this 61:319 are 45, 40 and 30 kcal/mole~deg, respective~

1y (Pig. 1) Comparison of n the cage of oxidation in water vapors at 8§00~
1000°C shows that cation diffusionl\plays a principal role ia the formation of scale
under these conditions. orig. art. has: 1 formula, 1 table, 5 figures.

| sup cooe: 07, 11,20/ supM DATB: 16Jul6s/ ORIG REF: 007/ OTH REF: 004
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3 INRERIIRAL:

s/o75§60/034/012/o19/027
B020/B067

AUTHORS: Nikulin, V. N. and Tsypin, M. Z.

'TITLE: Electrode Potentials of the Silver Monocrystal

PERIODICAL:  Zhurnal fizicheskoy khimii, 1960, Vol. 34, No. 12,
pPpP. 26814-2816

TEXT: The authors attempted to study the dependence of the electrode
potential of the silver monocrystal on the orystallographic orientation
and the composition of the electrolyte. The breeding of silver monoorystals
and the produotion of the electrodes have been described already earlier
(Ref. 7), The static and dynamic potentials were measured by a high-
impedance potentiometer of the type "TTB(PPTV) and the I"3C -53 (GZS-53)
mirror galvanometer. A saturated calomel half-cell was used as reference
electrode. The results of the potential measurements in cyanide solution
(Ref. 8) and in a sodium thiosulfate solution are given in Tables 1 and 2.
The static, steady potantials of silver measured in different electrolytes
are given in Table 3. The potential values mentioned were referred to the
potential of the ordinary hydrogen electrode. The values for the silver
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lleot"z;;)de Potentials of a silver monocrystal, Zhuwr, fi
34 no.12:2814-2816 D 160, 7 EHIH:'II?:?)‘.

1, Kazanskiy khimiko~-tekhnologicheskiy institut imeni S.M.Kirova.
(Silver crystala—Electric properties)
(Blectromotive force)

APPROVED FOR RELEASE: 08/31/2001 CIA-RDP86-00513R001757320005-1"



R001757320005-1

L 2 E S R VS SRR R AT

NIKULIN, V.N.; TSYPIN, M.Z.
Ty e

Rlectrolytic polishing of silver in sodium thiosulfate solutions.
Zhur.prikl.khin, 33 no.2:469-471 F 160,
(MIRA 13:5)
(Silver) (Blectrolytic polishing)
(Sodiun thiosulfate)
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Prifonov, N. A. (Deceased), Tsypin, M. 7 SOV/ 76=-33=6-32/44

Physico-chemical Analysis cf the Dioxane-watsr System From the
Shape of the Electroconductivity Isothermals (Fiziko-khimicheskiy
analiz sistemy dioksapevdda po forme izoterm elektroprovednosti})

Zhurnal fizicheskoy khimii, 1959, Vol 33, Nr 6, pp 1378-1380 (USSR}

Klthough dioxane and dioxane-water mixtures are much in use in
chemical practice, the problem of the nature of this system has not
been dafinitely solved up tc ncw. In the presant papsr, the
investigation results cn the eleatrosonductivity (E) of this system
ars presented, The (E) was measured by means of a Whealstone bridge
at temperatures of 25, 50 md 75 +1°C. The dependence of (E) on
the storing time was invesiigated, aud the measureccnts were carried
out after 24 hours, 3, 8, 36 and 50 days. The isctherzals of (E)
obtained (Fig 1)) may be epsigned to the sevenih type of isothermals,
and clearly pcint to a formetion of chemdsal sompounds. It was
alresdy ascertained (Ref 14} that wo compiunds exist, In the
present cass, a minimm of tre isothermal at 33 Yold of dioxane
confirms the formation of crly one ccmpound - the dloxane Cikydrate.
From en sbrapt ourve changs at ~ 20 Mcl® of dioxana, the formation
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Cathodic reduction of oxalic acid in relation to the structure and
erystallographic characteristics of the lead electrods, Zhur, fiz,
khim, 35 no.l358~61 Ja 'Gl, (MIRA 14:2)

1. Kazanskiy khimiko-tekhnigheskty ixistitut im, S,M.Kirova.
(Oxalic acid) ’ (Lead)
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77662
50V/80-33-2-37/52

Nikulin, V. N., Tsypin, M. Z.

Brief Communications. Electrolytic Polishing of Silver
in Sodium Thiosulfate Solutions

Zhurnal prikladnoy khimii, 1960, Vol 33, Nr 2, pp 469-
471 (USSR)

Electrolytic polishing of silver in a sodium thiosulfate
solution gave very good results, comparable to those
obtained 1n cyanate or thiocyanate baths. Stainless stgel
cathodes were used; thelr sizes were 4 to 5 times ap

large as the size of the treated objects. Optimal condl-
tions were as follows: concentration of the electrolyte,
600 to 1300 g Na28203'10H20 per liter; current density,

4 to 5 amp/dm”; temperature,'EO to 250 C. Intermittent
current was used with working periods of 5-4 seconds.
To prevent the darkening of the solution by insoluble
silver sulfides which make direct observation of the
treated objects impossible, a separating diaphragm was
used; NaNO4 solution (200 g/liter) was the catholyte

el
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Brief Cammunications. Electrolytic 77662
Polishing of Silver in Sodium Thiosulfate SOV780—33—2-37/52
Solutionk

to electrolytic polishing using cyanate solutions.
It can be assumed, therefore, that the mechanism of
the smoothing of the surface is identical in both
instances. There are 7 Soviet references,
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"P\julCOCthuPdl Properties of the Systan Dioxanc-wator." Cand Chen Sci, Kazan
\
Chemicotaecimological Inst, Kazan', 1954, (RZhKhim, No 1, Jan 55)

Survey of Scientific and Technical Dissertaticns Daefended at USSR Higher
Educational Institutions (13)
50: Sum. o, 5981 29 Jul 55
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TSYPIN, M.Z.; GOLIKOV, G.A.; KARASEVA, Ye,D.

) T et } t d catalytic
Photogalvanic effect, work function of an electron and c .
activ?ty of an oxidi;ed silver electrode, Zhur. fiz. knuzzl:mBlZ rlg.li)
890-892 Ap '65. :

1. Kazanskiy khimiko-tekhnologicheskiy institut. Submitted Oct.25,
1963.
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Strengthen control over the disbursement of wage fnnd? on s;?z;
farms. Fin.SSSR 16 no.10:73-76 0 155. MLBA

(State farms) (Wages)
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: TACC NR:  AP7000800 "'(Alﬁ/) T T SOURCE CODE: | UR/0089/66/021/005/0395/0397 |

: AUTHOR: Degtyarev, S. F.; Kikhtevich, V. I.; Tikhonov, V. K.; Tsypin, 5. G.

ORG: none

i TITLE: Dependence of the accumulation factor of fast neutrons on the relntive'&r-
7| rangement of the shield and detector

SOURCE: Atomnaya energiya, v. 21, no. 5, 1666, 395-397

TOPIC TAGS: fast neutron, neutron radiation, radiation intensity, lithium compound,
neutron shielding, neutron distribution, neafro~ datefon

ABSTRACT: The euthors present results of an experimental and theoretical investige-
tion of the dependence of the flux of fast neutrons with energy E > 0.7 Mev on tre
distance R for & constant distance between the source and the shield. Tne shielding
barriers used were plates of lithium hydride 45 and 60 cm thick and of density 0.5
g/cma. The trensverse dimensions of the plates were chosen such that the detector
placed inside the shield or on its surface was under conditions of so-called infinite
geometry. The neutron flux was registered by scintillation counters of ZnS{Ag) pow-
der pressed in Plexiglas. The quantitities measured directly were the fast-neutron
flux on the surface of the shield and the flux at a distance R from the shield. The |
background was determined by suppressing the primary effect with the aid of en addi-
tional shield. In the reduction of the data use was made of earller investigations
b the authors, reported in the same source (p. 392, Acc. Nr. AP7000798) of the

Card 1/2 UDC: 539.125.52: 539.121.72
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angular distribution of neutrons. The experimental values cbtained for tne Zuild up |
factor us a function of the distance from the shield to the detector are found to be [
in agreement with formulas derived on the basis of numerous published theoretical
papers. The results show that, with increasing distance from the chield, the frac- §
tion of the scattered radiation in the total neutron flux decreases, and the fraction;
of the unscattered radiation increases. Orig. art. has: U figures and 7 formulas.

i
i
|
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1
i
t

SUB CODE:2008/  SUBM DATE: O05Jul66/  ORIG REF: 005/  OTH REF: 00l
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USSR/Nuclear Physics - Penetration of Charged and Neutral Particles Through Matter,
c-6

Abst Journal: Referat Zhur - Fizika, No 12, 1956, 34108
Author: Tsypin, S. G., Kukhtevich, V. I., Kazanskiy, Yu. A.
Institution: None

Title: Penetration of Gamma Rays Through Water, Iron, Lead, and a Cambination of
Iron and Lead

Original Periodical: Atom. Energilya, 1956, No 2, TL-Th

Abstract: The attenuation of the dosage of gamma rays in Fe, water, apd Pb is meas-
ured for an ™infinite" geametry. In the "barrier” geametry, the dosage attenuation
of gamma rays was measured for mixtures of iron and lead. The experimental data ob~
tained are compared with the results of calculations based on the Fano theory.

»
-
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Kukhtevich, V.I., Tsypin, 5.G. EonTa12/32
: ~ == Daring v
Weakening of }~-Rays Formed A Sapiure of leuhrons ir. Chelyveate
Mixtures . - (Oslableniye j--luchsy, ghrazayuaihctikheya ori
zaknvate neytronov v zhelezovodnykh smeayakn)

Atomnaya Energiya, 1957, Vol. 3, Nr 7, p 56 {vssR]

The present paper investigates the influence exercised by thz con-
centration of iron in water on the relax=tion-iengil: of the ;"-Tay
which are produced in the capture of neutrcus. The nuclear reac-
tions D{d,n)He> (energy of the neutrons Ey = 4.0 ¢ 0.2 keV) ard
T(d ,n)Helt (energy of the neutrons B, = 149 % 0.4 MeV) wwre nseld as
neutron sources. These energy values sorrespond to the sminsion of
neutrons under the angle 0° contrary to the direciion ef the dente-
ron beam. The experimental device consisted of a vezzel xith wmter
in which iron foils 60x60 were arranged. Interspaces £illed with
vater remained between these foilz. The goncentrsiion of iron in
water was modified by the modificaticn of the thickneszs of thesze
cores while the distance between them was not changed. An ioniza-
tion chamber with a sensitive volume of 1.5 aw and J"~ccunter
with a volume of about L cm? were used as dshsciors of the ,-Tays.

CIA-RDP86-00513R001757320005-1"
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The Jeakening of - -Rays Produced on Captures of Heutronz Ey-7="5/32
in Iron-¥ater Mixtures

The casing of the ionization chamber vas made of grapnite, the in-
sulator of teflon. The neutron source and the detector of the ,~-rays
were fastened in the water vessel between the cores, the neutren
source being firmly srranged and the detector being set up in dif-
ferent distances from the source. The contrivution of the nevtrcns
to the deflections of the 4° -detectors wes estimated by calculation
and experiment. A diagram illustrates the depandence of *he effec-
tive relaxation-length of the J-rays produced on capture of the
neutrons on the volume concentration of iron in the ircn-vater mix-

ture for the two initial energies of the neutrone E, = L MeV ana
Ey = 14.9 MeV. The effective relaxation—lengths were calculated from

the curves for the weakening of the Jﬁrays which were prcduced by
the capture of neutrons in an iron-water mixiure with a thickness of
25-80 cm). Both curves have a distinctly marked mininum cf the effec-
tive relaxation length at a concentration of the iron of 60% in the
iron-water mixture. An empirical formula for the cazlculation of the

APPROVED FOR RELEASE: 08/31/2001 CIA-RDP86-00513R001757320005-1"
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During the . i
jeskening of -RaysFormed ,n Capture of Heutrons 35-7-15/32
in Chalybeate Mixtures

effective relaxation lengths is given. There are 1 figure and
2 Slavioc references.

SUBMITTED: March 7, 1957

AVAILABLE: Library of Congress

- ects of ircn in water
1. Gamma rays - Attenuation Effec
Card 33 2. Neutron capture 3. Gamma ccunters - Applications
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HIGH-IMIERGY NUCLEAR PIHYSICS: TARTICLE BOMBARDMEITT OF tUCLELI

"Me Passoge of Scattered  -Rays Through Water," by V. I. Kukhtevich,
A. A, Kazanskiy, Sh. 8 Nikolayshrili, anb S_._E};"T_E;—y_plg_,_étomnaya Ener-
glya, Ho 2, February 1958, pp 138-143. -

I-ieasurementiggere %de of thghattenuation of the dose of scattered
quanta from Au™’ . Co . and Ha2*t sources, as functions of the distance
petyeen the source and detector at varicus angles of collimetion, which
excluded the possibility of a primary -ray entering into the detecior
Measurements were carried out at distances from 3 to 4 to 8 to 10 mean
free paths of the -quanta. The collimation engles varied from 20

to 80 degrees. The experimental date obtained are compared with the
results of theroetical calculations, baged on an assumption that makes
it possible to reduce the problem to the calculation of the triple
integral, instead of a direct solution of the kinetlc equation. Statis-
factory agreement between the experimental and theroetical results is
cbtained.
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Penetration of gamma rays through water, ,
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TITLE:

PERIODICAL:

ABSTRACT:

Card 1/2

P

Kukhtevich, V. I., Tsypi G. S0V/89-5-4-1/24

Physics- and Engineering Problems of the Construction o* - --
tective Shields of Small Dimensions (Fizicheskiye i
inzhenernyye problemy konstruirovaniya malogabaritnykh
zashchit)

Atomnaya energiya, 1958, Vol 5, Nr 4, pp 393.402 (USSR)

The following physical problems which have to be taken into
account when designing protective shields for small devices are
dealt with in an article compiled from numerous foreign and
Soviet data:

Type of radiation from the reactor.

Interaction of Y¥-rays with materials of various thicknesses
and composition.

Interaction of neutrons with materials of various thicknesses
and composition.

Production and attenuation of capture-)-rays.

Shadow shields.

With respect to engineering the following problems are raised
and describeds

Composition of the protective shield.

APPROVED FOR RELEASE: 08/31/2001 CIA-RDP86-00513R001757320005-1"
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S0V/89-5-4-1/24
Physics- and Engineering Problems of the Construction of Protective Shields
of Small Dimensions

Selection of material.

Optimum arrangement of various good protective layers.
Although it is possible numerically to calculate a series of
factors which influence the protective properties, an experi-
mental examination of the protective properties of the com-
Pleted shield is nevertheless advisable. There are 3 figures
and 52 references, 23 of which are Soviet.

SUBMITTED: May 10, 1958
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FPERIODICAL:

ABSTRACT :

T

Kukhtevick. V. I., Siniteyn, B, I., T

The Removal Cross Section of Fast Neutrond With an Eneregy

of 2,9 MeV (Secheniye vyvedeniya bystrykh neytronov s energiyey
2,9 Mev)

Atomnaya energiya, 1958, Vol 5, Nr 5, pp 565-566 (USSR)

Measurement was carried out in a rectangular container of
water, in which the material to be investigated (80.60.10
to 20 cm) was placed agsinst one of the walls. The neutron
source was located on the outside of this wall. The

D(d,n)‘He3 reaction was used. Meutron energy: 2,9 + 0,1 NeV.
A BF,-counter could be freely moved along the axis of the

3

container. The following removal cross sections were measured:

Blement or in b distance absorber - detector
in cu

B 1,38 + 0,13 20
c 1,58 + 0,02
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S0V/89-5-5-11/27

‘The Removal Cross Section of Fast Neutrons With an Energy of 2,9 MeV

Elenent dr in b distance ahsorber - detector
in cn
Al 1,68 + 0,07 47
Fe 1,96 + 0,04 45
Ni 1,90 + 0,03 57
Cu 2,34 + 0,13 66
Mb 2,93 + 0,52 20
Pb 3,72 4 0,13 65

The grave measuring error committed with respect to B may
be explained bythe fact that B4C was used as an absorber. In

the case of niobium the inaccuracy is caused by the fact

that niobium powder was used which contained 15 per cent

of weight of water.

By plotting the dependence of the removal cross gection refer-

red to tlhie mass unit upon the weight of the atoms of the ab-

sorber, a curve is ob%ained which can be represented by means
Card 2/3 of the following empirical formula:
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SOV/85-5-5-11/27
The Removal Cross Section of Fast Heutrons With an Energy of 2,5 YeV

-0,688

> r/e = 0,385 A » for 2,9 WeV neutrons.

The results obtained were discussed with I. I. Bondarenko,
Doctor of Physico-Mathematical Sciences. A. N. Serbinov,
Candidate of Technical Sciences s and I. A. Vorontsov
assisted in carrying out experiments. There are 1 figure,
2 tables, and 6 references, 1 of which is Soviet.

? SUBMITTED: June 25, 1259
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. LAUTHORS: Kukhtevich, V. I.W SovV/89-5-6- 5/25
Shemetenko, B. Pe. T
TITLE: The Angular Diatribuzson of the Dose of the Scattered

y%Radiation of a CoPY-Source in Water (Uglovoye
raspredeleniye dozy rasseyannogo )ﬂ-izlucheniya ot istochnika

0060 v vode)

PERIODICAL1 Atomneya energiya, 1958, Vol 5, Nr 6, pp 638 - 641 (USSR)

ABSTRACT: In a vessel filled with water (2.2,2.1,6 m3) a Coéo-source
(epherical-shaped, diameter:s 0,5 cm, activity: 0,197 10,020
and 14370 204,214 C respectively) and a P -detector were
arranged ai a maximum distance from each other. The y=-detector
was & scintillation-dosimeter (anthracene crystal: height
0,5 cm, diameter 1,2 cm (for case a) and 0,7 cm (for case b).
Between the crystal and the photocathode of the multiplier
there was a light pipe from organic glass. By means of the

-2

A\

dosimeter it was possible to measure doses of from 0,4.10
to 40r/h (diameter of crystal 1,2 cm) and of 2,33.10'2 to
card 1/3 233 r/h (dismeter of crystal 0.7 cm).

'
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The Angular Distribution of the Dose of the S0V/89-5-6~ 5/25
Scattered 7~-Radiation of a Co O_gource in Water

In the case of a, an uranium truncated cone of 4 om heignt
was placed between the source and the detector in front of
the source. The aperture angles are 33 5¢ 75 103 18,53
268,53 453 651 end 80°. In the case b, the uranium truncated
cone is in front of the detector. The aperture angles were
9,55 123 19,53 273 374 553 and T17.
The dependence of dosage on the various aperture angles (the
distancesbetween source and detector were varied up to 80 cm
within the range of 14 om) is graphically represented.
Furthermore, the ratio (P in %) of dosage efficlency with and
without uranium truncated core was measured in dependence on
the aperture angle.
The results obtained show that dosage efficiency and P decrease
in a higher degree for case a, in dependence upon the aper-
ture angle.
A comparison with data supplied by other papers shows that in
all papers the same regularity as regards quality is found.
The results obtained were discussed with I. I. Bondarenko,
Doctor of Physico~Mathematiocal Sciences, and with Sh. S.

Card 2/3 Nikolayshvili. V. P. Saltykova assisted in carrying out
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Scattered 2”-Badiation of a éoso-Source in Water

measurements. There are

5 figures and 7 references, 1 of
which is Soviet.

SUBMITTED: June 25, 1958
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Belov, S. P., Dulin, Y. 4., Kazanskiy, Yu. A., Kukht
V. I., Tsypin, 8. G.

6-11/27
4

evick,

Space and Energy Distribation of the Neutrons in Boron Carbide
(Prostranstvennoye i energeticheskoye raspredeleniye neytironov
v karbide bora)

Atomnaya energiya, 1959, Vol 6, Nr 6, pp 663 -~ 665 (USSR)

The authors report on investigations of space and energy dis -
_¢ributions of 3 and 15 Mev neutrons in boron carbide. The 3

Mev neutrons were the Bro@uct of the reactiion Hz(Hz;n)HeB, the

15 Mev neutrons from HZ(HJ,n)Hed. The test arrangement (infinite
geometry) is briefly described. Boron carbide g »1.18+0.C) g/cm H
neutron detectors: i) proportional counter with BF5 enriched

to 88% with B1°;2) fission chamber with natural uraniuam, 023)
(enriched to 75%), and Ph232; 3) threshold indicators:

P31(n,p)Si31, A127(n,p)Mg27,Fe56(n,p)Mn56, Sb121(n,2n)3b1207

Cu63(n,2n)0u62, m'? ny ¥) In116m,Figure 1 shows the space
neatron distribution (3 and 15 Mev) in the passage through

APPROVED FOR RELEASE: 08/31/2001 CIA-RDP86-00513R001757320005-1"
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Space and Energy Distribution of the Feutrons in Boron sov/89-6-6-11/27
Carbide

boron carbide. Detectors for the 3 Mev neatronms: 1) and 2),
for the 15 Mev neutrons, 2) and 3). It was found among others
that an increase of the threshold energy of the detector in-
creases the inclination of the attenuation curves of the neu-
trons. In measuring the 15 Mev neutron attenuation by means
of the indicator

cub3(n,2n)cu®? (Eyypoqn® 10+9 Mev) the relaxation path for the

distance source - detector R>16 cm does not change and is
close to the transport path )%r = 18 + 2 cm. A comparison of

the data contained in the present paper with those from refer-
ence 1 (Geneva Paper Nr 2147, 1958) is briefly discussed. The
following relative capture figures are determined:

indicator: Cu®?  sp'?!  ped® 2127 pt It

measurement -
by counter 6.5+1 8+2 1 0.73+0.15 1.0440.15 -
by spectro- ezt

Card 2/3 meter - - 1 0.65+0.15 - 642
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Figure 2 shows the energy distribution of the neutron flux in
boron carbide for different intervals (energy interval

1.5 - 15 Mev, results standardized in the interval 13.5-15 Mev).
Moreover, the ratio between 0 235(Eeff) and oy 10(n.eff)

of the reaction (n,a) with B'C in boron carbide was determined.
In the case of 3 Mev neutrons 0.97 % 0.0% was obtained at
Eopg™ 120410 kev. In conclusion, the authors thank I. I. Bon-

darenko for advice and discussiong,N. D. Proskurnina, V. F.
Bashmakov, A. N. Nikolayev, and V. I. Popov for assistance in
the experiments as well as A. N. Serbinov and I. A. Yorontsov
for work at the neutron generator. There are 2 figures, 1
table, and 4 references, 2 of which are Soviet.

January 6, 1959
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RAhtden
AUTechs,

Pulin, ¥. &., Eazansk
, fe. 4., Toypin,

TITLRe Investigation -of the Attesustion Punctions for Water Kxposed
to Isatropic mnd Highly Collimated Scurces of Fiandoa.

Beutpgns

PINTCOIZALe Atospays smergiva, 1960, Yol. 9, Wo. 4, pp. 315 - 317
TRI®y Im this "Letter to the Editor®, the suthors report on sn experi-

eutrozs beisg a BP-3 (BR-5) reactor. The ssutroas
eane euz of s hole i3 a concrete shield {diameter 250 as) and fell on s
tank (137-139-217 cs)} f£1lled with doudly m».n:. od wsater, The neutron
boem Dad & $0tal angmlar divergence of ~5 . 2he neutrons re detected
Ay pregertional bares counters. Neasuremeats could be made at sach point
of the tesk, and the pouition of the poinmt could be determined with an
acturaey of ! ma, Pig. 1 shows the geomstry. Pige. 2 and 3 show the
ssaeuret neutron distridbutions for different valuse of r {dintance froa

Card 1/3

ke ssurce) and different valuss of h {dietance from the bean). Pig. 4
ehevn tae -:-”.w-:o- funetion of neutrons of an isatropio point source
seltiplied by (sarve a), and the attunuation funetion of a highly

5] oelitasted plane secroe (b). The maxtmum srror of the curve a occurs for
1

asall ¢ {r « 40 ca, ~20%), and the uinimum error (~5%) ccours for large
2. The error of the curva b is between ~5% for ¥ = 40 om and ~20% for

T e 140 em. The tve ¢urves diverge from esch other by about 20%, dut this
1» witxis the limits of the error of suresent. Therefore, for thick-
ald larger than 40 ¢m, the twvo curves say be con-
aidered to be coinsident. Fig. 3 shows, for cemparison, the experimentally
oblaimed (Ref. 2) attenuation functicns for neutrons of an isotropis disk
soerse {diameter T1.2 cm)., The attenuation funclions aceordisg Lo which
ke curves are dravn read;

. by .
.h avo--ﬁl -t m 2{r.0)sinade; nvrn.?v -c, ﬂu?.w? dhg and
Card 2/3
T ey T LN Lt e L 4N -

=

-.—»-?.L ‘- 2t ﬁ. auo»-«?v- 4R, a {s the radius of the diak; ¥{r,0)

and B{r.n} are the diatridution functions showvs ia Pigs. 2 and 3y and the
£, are constants. The authors thank Q. I, Lerpunakiy snd ¥, ¥, Ozlov for

sealal tsvestiigation of the spacs diatribution of fission neutrose in —x
.

3

dieeuneions and comasnte. There are 5 figures and 4 references) 2 Soviet

and 2 TS,
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AUTHORS : Dulin, V. A., Mashkovich; V. P., Panov, Ye. A., Tsypin, S.G.

TITLE: Energy Distribution of Fast Fission Neutrogsiin Water

PERIODICAL:s Atomnaya energiya, 1960, Vol. 9, No. 4, pp. 318 - 319

TEXT: The authors report on an experimental investigation of the energy
distribution in water of fission neutrons from BP-5 (BR-5) reactor. The
experimental arrangement is described in Ref. 5. The fast neutrons were
detected by threshold indicators which had the form of disks of a
diameter of 35 mm and different thicknesses. Data referring to these
indicators are given in a table. The disks were oriented at different
angles © with the direction of the incident neutron beam, and placed at
different distances h from the beam. Fig. 1 shows the activity of the
indicators as a function of 8 for r = 30 cm (normalized at 0 = 9°). Fig.?
shows the activity of phosphorus indicators as a function of h for

r = 30 cm, and r = 60 cm (normalized at h = 0). Fig. 3 shows the energy
distribution of neutrons in water at distances of 30 and 60 cm, calculated
from the geometry of the experiment for a point source. The neutron

Card 1/3
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Water B006/B0OT0

spectrum is obtained from a solution of the system of equations Ri(r)
[o.¢)

- c&i[1-exp(-7LiT)].exp(—l.it)Ef; ¢ (r,E)o, (E)dE

n
. cEiD-.exp(-liT)]exp(—lit);% §,(r:8)o;(E) LB, by the method of ‘7<
successive approximations. Here, Ni(r) denotes the activity of the i-th

threshold indicator at a distance r from the source after irradiating the
ipdicator for a time T and then waiting for a time t; Ei is the efficiency

of the recording of the activity of the indicator including the correction
for absorption and scattering in the sample, air, and counter window;
di(E) is the reaction cross section at energy Ej $(r;E) is the differential

neutron flux of energy E at a distance r from the sourcej ¢ is a constant;
i is the index of the indicator (i = 1,2,..n); and J ia the index of the

Card 2/3
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Energy Distribution of Fast Fission Neutrons in S/089/¥8¥%b9/004/014/020
Water B006/B070

/2
energy range. Ni(r) is calculated from the formula Ni(r)ac1 S Ni(r;e)si.nsdei
0

where Ni(r,e) is the activity of the i-th threshold indicator at g
distance r and an angle 0; Cy is a constant. The relative ei values were
determined experimentally for each indicator. Fig. 3 gives a comparison
of the data obtained with the calculated neutron spectrum (Ref, 1)

30 and 50%, which is practically within the limits of error (~30%). The
authors thank 0. I. Leypunskiy and V. V. Orlov for discussions and
comments. There are 3 figures and 6 references: 3 Soviet and 3 Us. )<

SUBMITTED: April 27, 1960
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ORLOV, V.V., kand. fiz.-mat. nauk, red.; TSYPIN, 8.G., kand. fiz.-mat,

nauk, red,; KAZANSKIY, Yu.A.[trensTator]; KUKHTEVICH, V.1. [translatorl;

MATUSEVICH, Ye.S. [translator]; NIKOLAYSHVILI, Sh.S. [transletorl; SI-
NITSYN, B.I. [translator]; YUS, S.V. (translstorl; VISKGVA, M.V., red.;
RYBKINA, V.P., tekhn,1ed.

[Protection of transportation units baving nuclear engines; {ranslated
articles| Zashchita transportnykh ustanovok s iadernym dvigatelem;
sbornik perevodov. Moskva, Izd-vo inostr. lit-ry, 196l. 619 p.
(MIRA 1, :12)
(Ea.diation"protection) (Nuclear reasctors——Safety measures )
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AUTHORS : Mashkovich, V. P., Tsypin, 5. G.
e
TITLE: Spatial fast-fission neutron distribution in iron

PERIODICAL: Atomnaya energiya; v. 11, no. 3, 1961, 251-255

TEXT: The spatial neutron distribution has hitherto been insufficiently
determined in iron, one of the cheapest and commonest shiolding materials.
The authors, therefore, made new measurements using the 6b¥-5 (BR-95)
reactor. Sets were composed of six iron plates (each 19.5 mm thick), and
geven sets were joined to form a prism (13201360~ 1860 me)., Every set had
vertical holes (90 mm in diameter, 830 mm deep) for introducing detection
probes. While not being used for measurements, the holes were occupied

by iron rods. The immersion depth of probes was contrclled w1th an
accuracy of 1 mm. Iron (7.-0 (Stu-O% was used (0.6 % impuritjes: C, Mn, ,
S, P). The threshold indisators: S 2(n,p)P32, 3 Mev and 4127{n,a)Na%4,

7 Mev, were used as neutron detectors. The former wers 6 mm long, and

the latter 20 mm. Both were disk-shaped (35 mm in diametsr). The iren !
prism was irradiated perpendicular to the plate plane by neutrons frcm a

Card 1/3
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Spatial fast-fission neutron... B102/B138 /

250 mm wide reactor channel. The neutror energies rangad betwesn ! and

8 Mev. The N(E) spectrum displayed an almost linear drop with a rise of E.
- The activity of the sulfur prches was determined from the decay curves,

and that of the aluminum probes from the photoslsctron peaks due tc the

2.76-Mev gamma radiation from Na24, f.~~-stion was mada for the activity

of the Na23 impurity. With this system of plates and probes, the neutron
flux attenuation could be determined beth in the direction of irradiation
and perpendicular to is. Activity was measurad on the indisators after
15-20 hr with an end-window counter. Measurements were alsc made with

a fission chamber (Th252q 2 Mev) and an Mgzé(nyp)Naz4 threshold indicator
(5 Mev). The following relaxation lengths (in am) were maasured:

Indicator Thickness Relaxation lerngth irn ths {Relaxation lengthfor

range of Fa, cm |direction of central baan rlare unidirectional
s3ource

h®32(n, £) 50 6.5 7.5
§32(n,p)p32 65 506 6.5
Ms§4(n9p)Na§4 40 5.6 6.3
2127 (n, 0)Na%4 | 85 5,8 6.3
Card 2/3
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These dataare in good agreement with experimental measurements mada by
other authors, ang differ by only abous 10 % from the thecretical
calculations in Ref. 10, 1The asymptotic interastion Cross sections were
calculated in transport~theoretica1 approximation and were found to range
between 1.9 and 2.1 barns. 0. 71, Leypunskiy, I. 1. Bondarenko_

V. V. Orlov are thanked ford'i:acussionsV Yu. XK. Yermakew, degree studant
of MIFI, A. v, Larichev, ang 4, N. Nikolayev for A8sistance. There

are 6 figures, 2 tables, ang 11 references : 7 Scviat and 4 non-~Soviet.
The three references to English~language Publicatiors reag as follows:
Ref. 3: p, Wood, Nuel. Sej, and Engng., 5. 45 (1959); Ref. 4.

E. Blizard. Annual Rev. Nacl. sci. 5, 97,411955); Ref. iQ0: §g. Coldstein.
The attenuation of Gamma Rays ang Neutrons ip Reazter Shieids, US AEC. '
Washington, 1957. >(/
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B102/B104
£/ 85250 /
AUNHOR: Pgypin, S. G
DITLE: Use of collimated neutron sourceps in shielding studies (for a

g-2 (B-2) unit in a BP-5 (BR—5),reactor)
pURTODICAL: Atomnaya encrgiya, v. 12, no. 4 1962, 300-305

TELT: The passage of neutrons through various shielding materials is

gtudied by a B-2 unit mounted to a fast BR-5 reactoT. For shielling

studies a well collimated high-enexrgy fipsion neutron sgurce (at least

E>2-3 Nev) is needed; the neutron beam passing through the ghield chennel

and entering the B-2 unit (Fig. 2) is collimated with an accuracy of about
i.2'50' The .channel exit 1is covered with two glide gates: 150 cn, vater

and 50 cnm pig iron. The steel tank ig designed for investigating shields /%/
of up to 50 tons. The specific weight of the shielding concrete 1is )
4.3-4.5 g/en’. The fast neutron flux from the reactor (5 uw) reached

1O1on cmz-sec. The attenuation function for & collimated disc source,
G..a (R,h) was determined from the attenuation function of en infinitely
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n
Z

w
plane source Gwpl.<R> = C J; d‘f é Gc.p (R h)hdhﬂc'm pl (H)

=

w
= ¢ as [ ¢ (R,h)hdh, where G refers to a collimated point source
J

o) é C. - Clp'

pl. ol. differ only by a constant factor. Gc.d (R h) wes

neasured for several R values _as a functl n of h in iron by means of fast-
neutron threshold indicators [ﬁl (n,a)Ha ] The curves obtained do not /y/
change within the limits of the beam radius, outside the radius they de~- W
crease exponentially. With increasing R (shield diameter) the slope of

the curves decreaseg. The radiation attenuatlon curve also depends on the
angular distribution. The functions G (R)R (for an isotropic point

source) and G_ © pl (R) do not only 001ncide for gamma radiation but also for,

neutrons. For thermal and fast neutrons, these curves were neasured in
water with BFy counters and p (n,p)Si3 threshold indicators. Thus, from
a measurement of the attenuation function for a collimated disc source in
Card 2/4
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the B-2 unit, information is obtained on the spatial energy distribvution
and the angular distribution of neutrons in the shielding materials
investigated. A. I. Leypunskiy, I. I. Bondarenko, V. V. Orlov, V. I.
¥ukhtevich, Yu. A. Kazanskiy, B. I. Sinitsyn, Ye. S. Matusevich, B. P.
Shemetenko, Sh. S. Nikolayshvili, V. P. Mashkovich, and A. 4. Abagysn are
thanked for discussions, D. S. Pinkhasik and ¥H. N. Aristarkhov for help.
Phere are 5 figures, 1 table, and 18 references: 17 Soviet and 1 non-
Soviet. The reference to the English-language publication reads as
follows: V. Stinson. Nucleonies, 12, no. 9, 50, 1954.

SUBMITTED: April 17, 1961

Legend to Fig. 2: (1) Channel, (2) shield of BR-5 reactor, (3) conerete
shield, (4) shield studied. Dimensions are given in cm.
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AUTHORS: ginitsyn, B. I., Tsypin, Se Go»
TITLE: Ugse of empirical constants in shield calculations

PORIODICAL: Atomnaya energiya, V. 12, no. 4, 1962, 306-314

TuxT: The results of papers on the determination and use of removal crogss
gsections are generalized and it is tried to extend the applicabiliiy of
empirical constants in the design of neutron ghields. The problergare
digcusased for heterogencous and homogeneous reactors, for monochromatic and
figsion neutron gources. The discussions lead to the following results:
{1) If the spectrum of the aeutrons which leave the reactor ig not highly
distorted in the range of 2-3 Mev, the removal cross sections given-by b
Chapman and Storrs can pe used for all hydrogen-containing nedia. They
cannot be used for light elements as Be, B, or C since their removal cross
gections increase in this energy Tange, a fact which has to be taken into
eccount. (2) The removal cross sections measured in heterogeneous media
can alao be used for homogeneous media., The error will not exceed 5-10%
for all elements. (3) The removal cross gections can be used at any

cara(1/3’
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distances from the source when calculating homogeneous media. The

absolute
deviation from the

results of exact calculat@ons does not exceed 25-50% at
distences from the source of 2-3 relaxation lengths. (4) If the remcval
cross sections are used for dose calculations, the dose weskening T
hydrogen has to be taken into account. (5) For reactors with an ef
energy threshold of 3 Mev, the cross geotiong obtained from the tec
velaxation lengths coincide with the removal cross sections glven b
Chapman-Storrs for hydrogen-free media. (6) The minimum distance from the !
gource decreases with increasing energy threshold of the detector. (1) Thei;f/
Chapman-Storrs removal croas gections can be uged for the upper groups in
wlticroup caleulations 3if the effective energy threshold is 3 Mev; the
zrzz%2%ic cross sections for 1.4 Mev - 00 or the quantities 61/A

correzsyeniing to the 3-iev threshold can be used. (8) The asymptotic cross
sections for the groups 1.4 Mev - oo are similar to the Chapmaen-Storrs cross
gsections. (9) For a more detailed description of the spatial energy
distributiona of fast neutrons (ED>1 Mev) a large system of empirical

congtants for the groups between 1 and 18 Mev is available. 4. I.

Leypunskiy, I. I. Bondarenko, V. I. Kukhtevich, Yu. A. Xazanskiy, A. &.

ibagyan, D. V. Pankratov, and A., P. Suvorov are thanked for advice and
card 2/3
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